Introduction
InMnAs is a potential candidate for semiconductor spintronics and when grown by metal organic vapor phase epitaxy is ferromagnetic up to 330 K. InMnAs/InAs p-n heterojunction diodes were fabricated by our group and these devices were tested at the magnet lab. A giant positive magnetoresistance up to 1300% at room temperature was observed in these devices at a magnetic field of 9T. These measurements suggest that highly spin-polarized magnetic semiconductor junction devices can be fabricated that operate at room temperature. To understand the transport mechanism that produces this large magnetoresistance we tested these devices in magnetic fields up to 18 T over the temperature range of 4-300 K.
Experimental
Several InMnAs/InAs p-n heterojunctions were measured. Junctions were fabricated by depositing 100 nm of InMnAs on (001) n-type InAs substrates. The carrier concentration in the n-type substrate was 2.6×10 16 cm -3 while the p side carrier concentration was of the order of 10 18 cm -3
. Photolithography was used to define circular Ti/Au contacts with a 300µm diameter.
Current-voltage characteristics were measured with the magnetic field applied parallel to the direction of current flow through the mesa. Currents from -2mA to 25mA were sourced while the voltage was measured. These characteristics were measured in the MilliKelvin lab at the National High Magnetic Field Laboratory. A magnetic field from zero to 18 T was applied using a superconducting magnet and the I-V characteristics were measured at each field and at different temperatures.
Results and Discussion
The forward bias junction current increases exponentially with voltage when there is no magnetic field applied. An increase in the magnetic field, however, leads to a change in the characteristics and a loss of the exponential current dependence. The junction conductance for different currents was calculated by determining tangents to the current-voltage curves at a constant current. The conductance decreases sharply at low fields, but at fields higher than 9T the conductance starts to level off. At 300 K, the low bias region of the magnetoresistance (calculated at 15mA) is non-linear, while at magnetic fields greater than 1.5T, a linear magnetoresistance is observed. At an applied field of 18T, the magnetoresistance has a value of 2680% while at lower temperatures of 190K and 80K, the value of magnetoresistance decreases to 710% and 405%, respectively. The magneto-current ratio calculated at a constant voltage shows a saturation for fields greater than 9T. The positive magnetoresistance is tentatively attributed to the presence of two spin channels for conduction.
Conclusions
Giant magnetoresistance effects ( 2680% at 18T) are observed at 300 K while at lower temperatures this effect is reduced. The positive giant magnetoresistance is tentatively attributed to conduction resulting from spin polarized carriers due to spin split bands. High magnetic fields are required to saturate the junction magnetoresistance measured at a constant voltage. These magnetotransport measurements indicate that paramagnetism is responsible for the spin polarized carriers at high magnetic fields.
